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ABSTRACT PetroleumCouncil has appraiaedlthese four basins
to hold 136 TCF (4 Tm3) of maximum recoverablegas

The Multi-WellExperiment(MUX) is a research- inglenticularreservoirs. This sizeableresource is
oriented field laboratorywhose objective is to
develop the understandingand technologyto allow

now being investigatedby the U.S. Departmentof
Energy (DOE) in the Piceancebasin of western

economicproductionof the severalyears supply of Colorado,where a field laboratorycontainingthree
natural gas estimatedto be within the low closely spacedwells penetratingthe lenticular
permeability,lenticulargas sands of the Western
United States.

14esaverdeformationhas been constructed. This
Features of MWX include: (1) three facility,near the town of Rifle, is the site of the

closely-spacedwells (115-215ft, 35-66 m) for DOE Multi-wellExperiment (14WX),which has been
reservoircharacterization,interferencetesting, developedto determinethe viabilityof the
well-to-wellgeophysicalprofiling,and placementof lenticulartight sands as a gas resource.
diagnosticinstrumentationadjacentto the fracture
treatment;(2) completecore taken through the Massive hydraulicfracturinghas demonstrably
formationsof interest;(3) a comprehensivecore increasedgas productionfrom tight reservoirs,but
analysisprogram; (4) an extensivelogging program currentlyita performancein lenticularformations
with conventionaland experimentaliogs; (5) is unpi%iiictdibh.~ ~- ---..~b-~--~ -~fi-definiki~nlhltwLsmuAb- ..VSU c.-w.

determinationof in situ stressesin sands and of reservoirproperties,inadequateunderstandingof
bounding shales; (6) use of various seismic surveys the physics controllingfracturepropagationand
and sedimentologicalanalyseato determinelens proppanttransport,limitedability to measure,
morphologyand extent; (7) use of seismic, describa,or evaluate the created fracture,and
electricalpotential,and tilt diagnostictechniques
for hydraulicfracturecharacterization;and (8) a

uncertaintyas to the relationshipof stimulation
design variables (fluids,proppants,pumping rates)

series of stimulationexperimentsto address key to the resultingfracture. These difficultiesare
questions. This paper presentsthe currentHUX compoundedin the lenticularformationsby the
accomplishmentsresultingfrom the 1983 field season uncertaintywhether multiple lenses, some remote
which featuredthe drillingof a third well and the
first stimulationexperiment.

from the wellbore,can be stimulatedby a conmton
treatment. Improvedunderstanding,evaluation,

INTRODUCTIONAND BACKGROUND
prediction,and possiblecontrol of stimulation
technologyare needed for effectivedevelopmentof
tight lenticularreservoirs. ‘

For a number of years the United States
governmenthas engaged in researchto enhance gaa The ultimateaim of the MWK is to determinethe
recoveryfrom unconventionalreservoirs,such as optimum stimulationtechnologyfor increasingthe
organically-richfracturedshale and discontinuous,
lenticular,tight sandstones. Large quantitiesof

gas recoveryfrom tight gas sand formations,
specificallythe tight lenticularformationsof the

naturalgas are trapped in these formations,whose baains of the western United States. Further
permeabilitiesare too low to permit economic discussionof the rationale,plans, objectivesaiid
recoveryby conventionaltechnology. In the western
UnitedStates, the Greater Green River, Piceance,

activitiescan be found in References2-5.

Wind River, and Uinta basins have been identifiedas Experimentsare now being conductedat the MUX
containingsignificantamountsof gae in thick
sectionsof lenticularsands.

cite to 1) provide improveddefinitionof the
The National reservoirsthrough extensivecore and log analyses,

well and stress testing, and geologic and

rhis work performedunder DOE Contract
geophysicalstudies, and to 2) investigatethe

$DE-AC04-76DPO0789.
effectivenessof stimulationtechnologywitin

Referencesand illustrationsat diagnosticinstrumentationand production
md of paper. performancetesting.
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The intent of this paper is to present current (b) Very high capillarypressures (-1000 psi,
accomplishmentsresultingfrom the 1983 field season 7 t4Pa)are observedat low water saturations
(April-December1983), which featuredthe drillin6 (35%). Hysteresiseffects in dry core-water

. . . -A$-..binnnn~~~iVityof a third well ano tne first 11-IUI-.-..-.. saturationmeasurementsare consistentwith
at the site. This paper is an update to the last these high pressuresand are presumablydue to
report presentedin Denver,March 1983.5’6 the fine sand grains and presence of clay.

CURRENTACCOMPLISHMENTS (c) Mechanicalproperty data (triaxialcompression,
Braziliantensile strength,and fracture

(1) With the drillinK of a third well. a uniaue toughness)have been completedfor these lower
field laboratoryfor tight sands research haa been intervala. The expQctedproperty differences
established. Hulc-3was drilled during June, JuIY, are found between the marine sands and their
and August 1983. Unlike the previous two wells, a bounding shales. However, the mudstones and
water-based,modified KC1 polymermud systemwas siltstonesabuttingthe nonmarine sands often
used over the entire hole. The syatamwas have similarmechanicalproperties to the sands
maintainedwith little difficultyand no severe hole themselves.
problemsor sloughingwere encountered. A 12-1/4 in-- . = -- k-l- nm~ dri~~ed to 4,130 ft(0.31au simac= SSVAW-- (d) A prediction (apparentlyconfirmed,see section
(1260 m) and 9-5/8 in (0.24m) casing was run and 9) of U805106W for t?nea~i~th of a hy~retdic
cemented to the surface. An 8-3/4 in (0.22m) hole fractureat the HW’Xsite was made based on
was drilled and cored to a depth of 74?4 ft consistent,three-welldata from various
(2278m); 435 ft (133 m) of orientedcore wera measurementsmade on oriented core: strain
obtained. Seven-inch (0.18m) casing was run to the relaxation,differentialstrain curve analysis
surface and cemented. A specialopen-holesection (dsca),natural fractures,and sonic
was drilled and cored between 7474 and 7564 ft velocities. Good agreementwas also obtained
(2278-2306m) for open-holestress testing;this between actual in situ atress megnitudea
sectionwas drilled with a 5-7/8 in (0.15m) bit, (section5) and those calculatedfrom strain
and 28 ft (8.5 m) of core were taken. relaxationand dsca.

An overviewof coring and logging activitiesin (e) The texture and mineralogyof the sandstonesare
all three wells in relationto the Mesaverdegeo- fairly conaiatentthroughout. Texturally,the
logic section at the site is given in Figure 1. The blanket and coastal sands are very fine to fine
three wells were drilled with stiff-holeassemblies sands size (62.5-250I@; the fluvial sands
and are exceptionallystraightas seen in Figure 2; are generallya little coarser grained. The
relative separationsare between 115 to 215 ft clay minerals are predominantlyillite,
(35-66m) between 4000 and 7500 ft (1220 to illitehnontmorillonite,chlorite and kaolinite.
2285 m). Significantgas shows were encountered Authigenicclays are cmmnon and found filling
throughoutthe section in all three wells, and mad pore throats and pores.
weights from 10 to 15 lbs/gal (1.2-1.8x
103 kg/m3) were requiredto control the well; (f) A completestory on organicmaturation is
this overpressuringis shown in Figure 3. evolving for the Hasavarde at the site.

Extensivavitrinitereflectancedata have been
(2) An unprecedentedcore analvsiscmoRrsm ia under derived from carbonaceousshales,mudstones,
~. Overall, 4100 ft (1250m) of 4-in (0.10m) siltstonea,and coals. Gas samples have bean
diameter core, approximately1135 ft (346m) of it analyzedfrom core and coale throughoutthe
oriented,were cut with a recoveryof better than Heaaverdaand from zones which have had
99%. The core was processedin a special field productiontests. The organic data to date
facilityand then shipped to a core library at DOE*S suggestpaleotemperaturemodels for the region
Grand Junctionfacility,where it is controlled and indicatethe most likely source of gas for
through a computerizedinventorysystem. Over 20 each intervalof the Mesaverde.
contractorsand other interestedorganizations●re
involved in the core analyses. (g) Formationdamage due to frac fluids has been

studied on core from the paludal and Cozzette
Analyses to date have focusedupon the lower sands. Generally,there seems to be little

half of the Ilesaverde:the Corcoran-Cozzette damage resultingfrom 3-6 hour exposure to gels
sandstonesand the paludal and coastal inteivals of intemnadiateweight,but damage gradually
(see Figure 1). Routine core analyseswere increaaeawith time. In the laboratory,a
performedon plugs taken at one--footintervalsover prepad of methanol has been shown to avert any
all the sands and their abuttingrocks. Extensive short-termdamage.
specialcore analyseswere also performedacross
major sands and into the abuttingcaprock. These (3) A COMU rehensive loggingvrowem waa conmletedon
analyses includedry Klinkenberg●nd relative =. ~ewster-base~d system inHWK-3 allowed
permeabilitiesunder restoredreservoirconditions, many logs to be run which were unobtainablein UWK-1
CEC and capillarypressuremeasurements,mineralogy, and MUX-2, notably, severalresistivitylogs with
and mechanicalproperty determinations. differentdepths of investigationand fracture

identificationlogs. Rigorous log quelity control
Some recent results includethe following: standardawere maintained in the field. Log quality

is verifiedby extensiverepeat logging,overlap of
(a) Restored-statepermaabilities●t an estimated previous log runs, and well-to-wellcomparisons.

confinin8pressure of 2000 pai (14 MPa) range The additionallog data have been critical in the
from 4-6 Vd in the Cozzette to over 20 Vd in
the paludal interval. Water saturationeffects
would lower these by a factor of 3 to 10.
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developmentof improvedlog interpretation
techniques,and the extensiveSIWKcore data are
being used to correlateand verify the log model
results.

Severalmodels have been developedwhich allow
interpretationof criticalreservoir
~araeter~_7j8 Fluid saturations~al~ulatedfrom

nuclear,electric,and sonic log measurementsreveal
the variable invasionprofile associatedwith tight
gas sands. Comparisonof the differentsaturation
curves allows qualitativepermeabilityestimates.

The availabilityof additionalresistivitylogs
stimulatedthe develo ent of a fracture
i~enkificationmodel.r Fractured intervalsare
identifiedfrom overlaysof fluid saturation
traces. Model results are being verified by
comparisonwith the five fracture identification
logs run in HWK-3 and with core data. Future work
iae~u~e8mere ~O~p=~igQ~Sand the developmentof a

fractureprobabilitycurve.

Core ganxnaand sonic logs are being used to help
understandand correlatethe rapid variationof rock
properties(verticallyand horizontally)in
formationsof lenticularmorphology. The
correlationof apparentlithology,mechanicalrock
propertydata, the core ganma log and the sonic log
is much more complicatedin lenticularformations
than in formation of blanketmorphology.

A start has been made in correlatingvarious
chemical and mineralogicalcore parametersto log
memnmments. Specifically,comparisonsbetween
chemicalpotaasium,uranium and thoriummeasurements
and spectralgaasnalog measurementsand between
mineralogicalcarbonateanalyaisand log-derived
carbonatepercentagesare important. Improvedclay
volume estimatesand grain density calculationswill
be the result. Special core analyses such as cation
exchangecapacity (CEC)measurementsare correlated
with logs in another effort to refine clay
estimates. Differencesbetween formationdensity
and lithodensitytool bulk densitymeasurementsare
also being investigated. Work is under way to
define an improvedal~orithmfor computingbulk
density, and to refine the environmentalcorrections
on log measurements.

(~) signifi~snteffects attributableto natural
fractureshave been seen in the results to date.
The occurrenceand importanceof natural fractures
in the HWX reservoirsis illustratedby the orders
of magnitudedifferencebetween reservoirmatrix
permeabilitiesmeasured from core, and,the
permaabilitieswhich must be used in reservoir
simulationmodels in order to reproducethe actual
~rc*Jc5ieSd~ba fre~ M well tests. These
differentvalues are ahown in Figure 4.

Thus, a multifacetedstudy of natural fractures
at the MWX site and the Piceancebasin has been
initiated. - --L”- -nPe have beam logged,ri?aetiL~S iU !!!9! . ..-

catalogued,and segregatedas to type, host
lithology,and orientation. The fracturesof
importanceoccur as vertical calcite-filledor
calcite-linedextensionfracturesin the sandstones
and siltstones. Ninety-fourpercent of these
fractures in the oriented core intervalsare closely
alignedwith the presant-dayin situ principal
compressivestress. Studies of surface fracturea

and preliminarydata from petrographicstudies of
calcitetwin lamellaeconfitm this orientationof
stressesin the WWK area and suggest that the
orientationhas not changed appreciablysince the
late Cretaceous. A stress history model
incorporatingbasin subsidenceand uplift and pore
pressure,temperatureand strain histories is
currentlybeing developed in conjunctionwith the
United States GeologicalSurvey. .Combinedwith
additionalstudies which have defined the operable
fracLuremechanism,a predictionof the fracture
system(s)will be availablefor evaluationwith HWK
and other basin data.

(5) Additionalhigh resolutionstress tests have
been made in the marine and valudal intervals.g*lo
as.~Lx S~=ezS tSStS hSV= been performed in the marine

sectionabove the Cozzettemember and eleven testa
have been conductedin the paludal interval. In
addition,two open-holestress tests were performed
in HWX-3 in the Rollins member at the top of the
marine section.

In the marine rocks, large stress differences
exist between the blanket aandstoneaand the
boundingshales, ‘i%isis a favorablesituationfor
hydraulicfracturecontainmentand, thus, the
~r=e~ienof Iep+ p~ne~ratin~fractures. In the
paludal intervel,the situationis not so clear due
to a complex lithologyof narrow, lenticularchannel
sands surroundedby coals, siltstones,mudstones and
carbonaceousshales. Ho clear correlationsbetween
stressmagnitudesand lithologyare apparent. In
some cases, sandstoneshave much lower atreasesthan
the abuttingmaterials;in other cases the stresses
am immly rsqtiel m even slightlyhi6her in the
sands. Further, a 500 psi (3.45MPa) differencein
stress in the same zone between two wells was
observed. Lateral variationsare probably common in
this lithology.

TWO open-holestress tests were performed to
determinethe maximum principal in situ stress, to
determinethe orientationof the induced fractures
and Lo compare the resultswith the stress tests
conductedthroughperforations. These ware
performedat a depth of about 7500 ft (2286m) in
the Rollins sandstoneand the minimum and maximum
stresseswere found to be about 6800 psi and 7200
psi (46.9 and 49.6 WPa) respectively. This 400 psi
(2.76WPa) stress differencemay be significantfor
hyarauiicfrackuce (teSigF.. ~.e ~rimtation of the
fractureswas not unequivocal;it appeared to be
w50”-70”w,but the observedfractureswere small,
en echelon,and discontinuous. The minimum stresses
measuredthroughperforationsin MWK-2 and open hole
in HWK-3 agreed within 175 and 10 psi (1.21 and 0.07
PIPa)for tests at two comparabledeptha.

(6) The Paiudai iS the Cttrrentintervalof interest
for stimulationand sedimentolo~icalcharacteri-
zation of it has been comPleted. Figure 5 depicts
the paludal and its five zonee of interest,which
lie between 6800 ft and 7450 ft (2078-2271m) and
have been characterizedby ~edi~iit~iogieaiS+dSie$
of core, logs and paludal outcrops.ll Numerous
coal seems incraasethe complexityof this
interval. Four of the five targeted reservoirs
(zones1, 2, 3 and 5) in the paludal zone are
interpretedto be lenticulardistributary-channel
sand bodies. They are probably on the order of 200
LO 500 feet wide, as calculatedfrom height-to-width

3s3
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relationshipsof these sand bodies seen in outcrop.
These lenticularreservoirsare probably oriented
east-westto northeast-southwest,the main bodies
passing throughNWX-l and iiWX-2,biitciilythe
:ring.s being penetratedby M-3.-- ---..

Zone 4 is interpretedas a large splay deposit:
although it is a clean sandy zone as seen in MUX-3
core, the sedimentarystructuresindicatelow energy
deposits (ripples)rather than main-channel
crossbeds. This zone in MWX-2 core is much less
sandy, indicatinga lateral facies change to distal
muddy splay deposits. The stimulationof closely
adjacentzones 3 and 4 as a unit will mingle
productionfrom a lenticular(channel)reservoirand
a more circular (splay)type of reservoir.

(7) severalWell teStS were comDletedin the paludal
interval. These tests includedsingle and multiple
well drawdown,buildup and interferencetests in
thrae individualsands (zones2, 3 and 4). Previous
testing and analysisof the lower marine blanket
sands indicatedthat a substantialnatural fracture
network existedwithin these microdarcymatrix
reservoirs. In addition,a large number of natural
feacturaswere found in core in the fluvial
interval. Therefore, it was not surprisingthat
theue initialpaludal tests were not consistentwith
ankhates of microdarcypermeabilitiesmeasured in
core.

A singlewell test in MWX-1 in zone 2 was
consideredadequateto assess the zone’s reservoir
parameters,as log and core data indicatedpoor
quality in IYWX-2and -3. A pair of drawdo~ and
buildup tests were conductedover a one-month
period. Reservoirmodeling of these data required
not only the inclusionof parallelreservoir
boundariesdefined by sedimentological
interpretation,but also an orthogonalno-flow
boundarypassing throughMUX-2. This no-flow
boundarywas further evidencefor the existenceof a
high angle fault which cuts only HUX-2 at ‘7050 ft
(2150m). The effect of the underlyingcoal seams
— --s-- .. “-”4..{”remazu= -nti=.-..s. !icmver:the data fit was
exceptionaland defined an average reservoir
permeabilityalmost 25 times core permeability
(50Vdvs 2.3 wd). This was a significanttest
in several respects: (1) it clarifiedqualitatively
that the paludal sandstonereservoirswere naturally
fractured;(2) it confirmedthe channel boundaries
predictedfrom log, core and sedimentological
analysis;and (3) it demonstratedthat the existence
of a nearby fault could be measured and modeled in a
tight, naturallyfracturedreservoir.

Zones 3 and 4 have been selectedas the target
for the stimulationexperimentin the paludal
interval. In the absence of measured in situ stress
contrasts,these would not be separatedduring
fracturingand were thus co-mingledduring well
testing. AIIinterferencetest was conductedwith
HUX-1 being produced at a constantrate of 250 ?lcfd
(7000m3/d) and !4WX-2and HUX-3 monitoredwith
quartz-typepressure gauges and downhole shut-in
tools to minimize the effects of wellbore storage.
The drawdownof WX-1 continuedfor seven days and
monitoringof all three wells was continuedfor four
days followingshut-in; the tests could not be
continueddue to constraintson winter operations.
No interferencewas detected in either offset well.
This was different than the hour’s responsenoted in

the Cozzette,5and is undoubtedlydue to the
complexityof these two paludal zones.

(8) The first stimulationexueriment is being
conductedin the paludal intervalat a deDth of
-----
@70-1150 ft (2i55-2179m). T%* axxerip,e?.tiS

divided into two parta: Phase 1 includesstep-rate
and flow-backtests and two minifracs which w&e
conductedin December 1983, and Phase 2 is a
completestiwlation to be conducted in Spring 1984.

The Phase 1 teats were,conducted in NWX-l and
consistedof: (1) step-ratetests at 10 rates
between 0.2 and 8 bbl/min (0.03 and 1.3 m3/min);
(2) flow-backtests et 1.0 and 1.3 bbl/min (0.16 and
0.20 m3/min); (3) a 15,000 gal (57 m3) minifrac
with 30 lb/1000gal (3.6 kg/m3) gel; and (4) a
30,000 gal (114 m3) minifrac with 60 lb/1000gal
(7.2 kg/m3) gel. Both minifracsware pumped at
10 bbl/min (1.6 m3/min) and no proppant was used.
The primary objectiveof Phase 1 was to determine
fracturebehavior and geometry as propagation
progressedthrough and out of the sand lenses. This
waa accomplishedby monitoringfracturegrowth with
borehole seismic packages12in the two offset
wells, by analyzingthe pressure decline after
shut-in after the two minifracs,13by post-frac
temperaturesurveys,and by analyzingtreetment
pressures.14

The step-rate/flow-backtests yielded an
eatimetedminimum in situ stress of about 5900 psi
(40.7MPa), which was about 100 psi (0.7 MPa)
greater than measured previouslyin HWX-3. The
fractureparametersresultingfrom the two minifracs
are shown in Tsble 1. Fracturepressures indicate
fracturelength extensionwithout significantheight
growth (exceptpossibly at the very end of the
second treatment). Apparentlythis zone has
containmentfeaturesand can probably support a
relativelylarge fracturetreatment. Phase 2 will
utilize this design informationas well as stress,
geologic,core and reservoirdats. It will be a
sand-proppedfractureand will featureboth borehole
seismicand_gurfeceelectricalpotential fracture
diagnostica~>and a post-fracwell testing program
involvingall three wells.

(9) Borehole aeiamic fracture dhSRIIOStiCS measured
fractureaziwth end limitedfractureheight growth
dUrinK the Phase 1 minifracs.12 Three-axis
borehole seismic systemswere positionedslightly
above zones 3 and 4 in the two offset wells during
the Phase 1 tests. The packageswere orientedby
perforationshots in the two zones in HWX-1. (After
orientation,additionalperforationscould be
locatedwithin 1-5 ft (0.3-1.5m).) Noise in H-2
due to gas leakagethroughpoorly-squeezed
perforationsprevented source locationby
triangulation,the preferredmethod. A smell
percentage(5%10%) of the events could be analyzed
by p- and s-wave arrival times using the three-axis
data from Hwx-3 alone. The source locationsin plan
view and as projected on the plane of this azimuth
are shown in Figure 6. The best-fit azimuth is
t?66.6t8.O”U,in good agreementwith earlier
predictions(ace section 2). Fractureheight ia
consistentwith the peat-fractemperaturesurveys
and frac analyses.
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OhlCLUSION

The Hulti-WellExperimentis a unique
‘eaearch-orientedfield laboratorywhose range of
.ctivitieswill answer key questions about the
‘amiabilityof, and productionfrom, the lenticular,
.ightgas sand resource. The laboratoryhas been
.ompletedwith the drillingand characterizationof
~third wall. Significantaccomplishmentshave been
Documentedand the first stimuiatiofiexperimentis
Inderway. Several years of stinn!lationand testing
.hroughoutthe Mesaverde are planned at levels
Iictatedby future fundingdecisions.

~CKNOWLEDGt4ENTS

MWX is the major field project in DOE*S Western
:asSands 8ubprogrsmwhich ia managed by the
lorgantownEnergy TechnologyCenter. Obviouslya
;iSnificantnumber of people and organizationshave
contributedto the work reportedhere. Special
~hanksare extended to 34WKproject personnelat
:andiaNational Laboratories,Albuquerque,NM and
:ER,Inc., Laa Vegas, NV.

references

NationalPetroleumCouncil, “’LhcOnVentiOnalGas
Sources--voiumeV: Tight Gas I!eSerYOirS3Pat%
I,””Library of CongressCard Number 80-82488,
December 1980.
Atkinson,C. H., Crawley,A. B., Northrop, D.
A ., Sattler,A. R., Mann, R. L., and Schillo,J.
c ‘The Departmentof Energy’sWestern Gas
Sa~ds Project 34ulti-WellExperiment,*”SPE/DOE
9891, 1981 SPE/DOE Symposiumon Low Permeability
Gaa Reservoirs,Denver, CO, Hey 27-29, 1981.
Northrop,D. A., and Sattler,A. R., “The
Multi-WellExperiment:A Field Laboratoryfor
Tight Gas Sands Research,””Proceedingsof the
17th IntersocietyEnergy ConversionEngineering
Conference,Loa Angeles,CA, August, 1982,
Volume 2, p. 1027.
Crawley,A. B., Northrop,D. A., and SattlertA.
R “The Departmentof Energy’s%iests=.Gas
S~~ds Project Multi-WellExperimentUpdate,’*SPE
11183, 57th Annual Fall Conferenceand
Exhibitionof the Society of PetroleumEngineers
of AIME, New Orleans,LA, September26-29, 1982.

5

6

7

8

9

10

11

12

13

14

15

Northrop,D. A., Sattler,A. R., and Westhusing,
J. K., “Hulti-WellExperiment:A Field
Laboratoryfor Tight Sands,**SPE/DOE 11646, 1983
SPE/DOE Symposiumon Low PermeabilityGas
Reservoirs,Denver, CO, March 13-16, 1983.
Northrop,D. A. (editor),●“TechnicalPoster
Session for the Multi-WellExperiment,March 14,
1983, Denver, Colorado,*’Sandia National
LaboratoriesReport, sAND83-1535,August 1983.
Kukal, G. C., ‘“Determinationof Fluid Corrected
Porosity in Tight Gas Sands and in Formations
ExhibitingShallow InvasionProfiles,”’SPE 9856,
Proceedingsof the 1981 SPE/DOE Symposiumon Low
PermeabilityGas Reservoirs,Denver, CO, Hsy
27-29, 1981.
Kukal, G. C., ●“WellLog Analysis of the Paludal
Zone, Nulti-WellExperiment,”report to be
availablethrough CER”Inc., Laa Vegas, NV.
Warpinaki,N. R., Branagan,P. and Wilmer, R.,
“’InSitu Stress Measurement at DOE’s Multi-Well
ExperimentSite, UessverdeGroup, Rifle,
Colorado,**SPE 12142, 58th Annual SPE Technical

Conferenceand Exhibition,San Francisco,CA,
October 1983.
Warpinski,N. R., Branagan,P. and Wilmer,’R.,
●*InSitu Stress Measurementat DOE’s 3fulti-Well
Experiment,’*Western Gas Sands EubprogrsmReview
TechnicalProceedings,DOE/34STC/84-3UorSantown,
West Virginia,October 1983.
Lorenz, J. C,, ‘*ReservoirSedimentologyin
HesaverdeRocks at the Hulti-WellExperiment
Site,““Sandia National LaboratoriesReport,
SAND83-1078,June 1983.
Hart, C. M., Engi, D., Fleming, R. P., and
Morris, H. E., ‘*FractureDiagnosticsResults for
the Hulti-WellExperiment’sPaludal Zone
Stimulation,*’SPE/DOE 12852, 1984 SPE/DOE
UnconventionalGas Recovery Symposium,
Pittsburgh,PA, Hsy 13-15, 1984.
Uolte, K. G., ●*Determinationof Fracture
Parametersfrom FracturingPressure Decline,”
SPE 8341, 54th Annual Fall SPE Technical
Conferenceand Exhibition,Las Vegas, UV,
September1979.
Uolte, K. G. and Smith, U. G., ●*Interpretatiw
of FracturingPressures,”’Jour. Pet. Tech., ~,
1767-1775,September1981.
Hart, C. H., Engi, D., and 310rris,H. E., ‘*A
ComprehensiveFractureDiagnostics
InstrumentationFieldingProgram,” SPE/DOE
11810, 1983 SPE/DOE Symposiumon Low
PermeabilityGas Reservoirs,Denver, CO, March
13-16, 1983.



TABLE 1.

FractureParametersfrom the Phase 1 Minifracs*

Hinifrac *1 Ifinifrac#2

Size, gal (m3)
15,000 (57) 30,000 (114)

wing length, ft (m)
240 (73) 440 (134)

Maleht ft (m)
135 (41) 150 ( 46)

..--e...:

Width at wellbore, in (cm)
0.46 (1.2) 0.62 (1.6)

Leakoff coefficient,ftl~min
0.00129 0.0007

(m/dmin) (0.0004) (0.0002)

*Height from post-fractemperaturesurvey;other parametersfrom the shut-inanalysis in

Reference13.
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